SUMMARY During the 10 years [1966][1967][1968][1969][1970][1971][1972][1973][1974][1975] 148 
In the past the chances of survival for infants of very low birthweight (< 1500 g) were poor, and a high proportion of the survivors subsequently proved to be mentally or physically handicapped (Knobloch et al., 1956; Drillien, 1958 Drillien, , 1966 Lubchenco et al., 1963b; McDonald, 1967) . More recently, with improvements in obstetric and neonatal care, the survival rate of these infants has increased, and follow-up studies from neonatal intensive care units show a much lower incidence of major handicap (Rawlings et al., 1971; Calame and Prod'hom, 1972; Stewart and Reynolds, 1974;  Francis-Williams and Davies, 1974; Davies and Tizard, 1975) . Virtually no information is available about the late prognosis of the very smallest infants, those weighing 1000 g or less at birth, because so few of them have survived to be followed up (Lubchenco et al., 1963b; Alden et al., 1972; Fitzhardinge and Ramsay, 1973; Fitzhardinge, 1975) .
We report here survival rates for infants weighing 1000 g or less who were treated at University College Hospital (UCH) during the 10-year period [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] , and the outcome for those infants who were born in the 9 years 1966-1974. Patients and methods During 1966 During -1975 infants weighing 1000 g or less were admitted; 69 were born in UCH, 5 came from home, where they had been unexpectedly born, and 74 were transferred from 34 hospitals within a radius of 70 miles. Obstetric and neonatal mangement. Methods used in the care of the infants who were born during 1966-70 have been described by Stewart and Reynolds (1974) . Particular attention was paid to the prevention and treatment, whenever possible, of any abnormality that might be lethal or damage the brain, such as birth trauma, hypoxia before or after birth, hypothermia, acidaemia, dehydration, hypoglycaemia, hyperbilirubinaemia, abnormalities of haemostasis, and inadequate calorie intake.
Since 1970, additional methods have been introduced. For example, the lecithin-sphingomyelin ratio in amniotic fluid was measured in order to help decide whether an infant at high risk in utero should be delivered (Gluck et al., 1971) . There was an increase in the number of mothers referred by obstetricians in outlying hospitals for delivery at UCH and in the number of times medical or nursing staff from UCH were asked to be present at delivery in the referring hospitals when transfer of the mother was not practicable. A new transport incubator (Blake et al., 1975a) (Allen et al., 1975) , both for CPAP and mechanical ventilation, so as to avoid the difficulties associated with prolonged intubation. Since 1974 apnoea due to immature control of breathing ('preterm apnoea') has also been treated by mask-CPAP and maskventilation. Continuously recording umbilical artery catheter-tip oxygen electrodes (Conway et al., 1976) and sometimes transcutaneous oxygen electrodes (Huch et al., 1974; Jolly, et al., 1976) were used to monitor the arterial oxygen tension (Pao2) of infants with respiratory illnesses. Total or partial parenteral nutrition given via a percutaneously inserted silicon rubber catheter with its tip sited in or near the right atrium (Shaw, 1973) , was provided for infants who could not be adequately fed through a nasogastric tube. This was found to be particularly helpful during the weaning of infants from ventilatory aids. The routine measurement of coagulation factors allowed haemostatic defects to be detected and treated, usually by a one-bloodvolume exchange transfusion with fresh blood. Sibs, as well as parents, have been encouraged to visit the neonatal unit (Blake et al., 1975b) so that good inter-family relationships could be maintained and developed.
Throughout the whole period of the study, our general approach to the management of infants weighing 1000 g or less was to give optimal care both before and after birth, provided the period of gestation was above about 23 weeks. If, however, it became clear that irreversible and crippling damage to the brain or other organs had occurred, then treatment was withdrawn.
Follow-up
Infancy (<3 years of age). The children were seen (by A.L.S.) 2 weeks after discharge and then at intervals which increased from a few weeks to 6 months. Their progress was discussed with the parents, they were examined clinically and, for the first 18 months, their development was assessed according to the Developmental Screening Inventory (Knobloch et al., 1966) .
Preschool period (3 and 4 years). Clinical examinations continued and at 31 years of age the first psychological assessment was made by a clinical psychologist. Evaluation was usually with the Stanford-Binet (From LM) Intelligence Scale (Terman and Merrill, 1961 ) but the Merrill-Palmer Scale (Stutsman, 1931) was also used for children who spoke little English or were very shy. Further details of the methods used during infancy and the preschool period have been given by Stewart and Reynolds (1974) . The children's age was regarded as their chronological age less the number of weeks that they had been born before term. After the age of 5 years this adjustment was no longer considered necessary.
Children at school (5-8 years). At 5 years, an audiogram, refraction, and an ophthalmoscopic examination were done, and since 1975 the children have been tested with the McCarthy Scale of Children's Abilities (McCarthy, 1970) and the Frankfurter Test of Concentration (Raatz and Mohling, 1971) . At 8 years, a detailed clinical, neurological, and psychological assessment was carried out, including the Wechsler Intelligence Scale for Children (Wechsler, 1949) . The children were also asked to do a selection of attainment, motor, perceptual, and learning tasks, including the Bender Gestalt Copying Test (Koppitz, 1964) . Part of the assessment at 8 years was done in the child's school, where the teachers were interviewed and requested to give a report and to complete the Bristol Social Adjustment Guide (Stott and Marston, 1971) .
Results
Population and survival. 60 of the 148 infants were born to primagravidae, 68 to mothers who had previously had live or stillborn infants, and 20 to mothers who had had abortions only. 55 pregnancies had been complicated by bleeding, 28 by hypertension or pre-eclampsia, and in 13 Shirodkar sutures had been inserted.
One hundred (68 %) of the total of 148 infants died during the neonatal period (28 days). 9 infants (6 %) died later, aged 29 days to 14 weeks, leaving 39 survivors (26 %) all of whom are being followed up. Means and medians for birthweight and period of gestation are given in Table 1. Table 2 shows the neonatal survival rate during each of the study years. A higher proportion of infants survived during the latter 5 years (x2=4 5, P <0 05). Tables 3 and 4 give survival rates by birthweight and gestational age. Details of the population of infants admitted and of the effect of various perinatal events on survival are in Table 5 . The survival rate was greater in girls than boys (x2=43, P <0 05), and in smallfor-gestational-age infants, with birthweights below the 10th centile (Lubchenco et al., 1963a) Follow-up data from the 27 children aged 15 months or more are summarized in Table 7 . Table 7 were aged 3 to 7 years when last assessed. The mental development of 6 of them was normal, and their mean IQ was 94 (range 79-124) . One of these 6 children was partially sighted as a result of congenital cataracts. The seventh child had a high-tone hearing loss of moderate degree but was considered to have normal mental development, and the remaining child had cerebral palsy and was severely mentally retarded.
The 5 oldest children in Table 7 had detailed assessments when aged 8 years. Their mean IQ was 87 (range 72-104) and none had behavioural or visual abnormalities. The IQs of 3 of the 8-year-olds were 81, 100, and 104, and their educational attainments were appropriate for their underlying functional levels. The fourth child, with an IQ of 72, was retarded in educational performance but he was well integrated in a normal primary school, where he received special help. The fifth child had an IQ of 80, and difficulty in learning language. She had a 40 decibel hearing loss in both ears, due to secretory otitis media, but was thought also to have sustained minimal cerebral damage. After spending 3 years in the communications unit of a special school she was transferred to a normal school.
Discussion
Survival. The survival rates from earlier studies of infants weighing 1000 g or less are given in Table 8 . Because the data are so scanty, the available information about infants who weighed e 1250 g has also been included. The survival rate of these extremely low birthweight infants hardly appears to have changed during the past 20 years. The data must, however, be interpreted cautiously, because the numbers are so small, and in the past some of the infants were almost certainly regarded as abortions, or registered as stillbirths. At UCH the increase in survival rate since 1966 (Table 2) was due mainly to an improvement in the survival of infants referred from other hospitals. Although 17 (22%) needed mechanical ventilation in transit, they were probably selected for referral because they were in relatively good condition and it is most unlikely that they were representative of the whole population of infants weighing < 1000 g born in the referring hospitals.
The main factors that influenced the probability of survival for the infants in this study were the same as those previously reported for infants weighing <1500 g (Stewart and Reynolds, 1974) . Adverse factors included decreasing gestation (Table 2) , asphyxia around the time of birth (Table 5) , and the presence of the two main illnesses found at necropsy (Table 6 ), hyaline membrane disease and intraventricular haemorrhage. By using improved methods for prevention of perinatal asphyxia and for the management of hyaline membrane disease, survival rates for infants weighing < 1000g may be expected to increase. Little, so far, is known about the pathogenesis of the other important cause of death, intraventricular haemorrhage. Nevertheless there is a strong association with asphyxia, and it has been suggested that asphyxia causes increased intravascular pressures which rupture vessels in the germinal matrix (Cole et al., 1974; Wigglesworth and Hambleton, (Table 5 ). There is evidence that fetuses who are 'stressed' in utero have more mature enzyme systems than expected, particularly in the lung (Avery, 1973) , thus lessening the risk of death from hyaline membrane disease. These infants are, as in the present study, often delivered by caesarean section, because of uncontrollable maternal hypertension.
Whatever the reason, the finding that the survival rate of infants delivered by caesarean section was so very much higher than for those born vaginally (Table 5) (Stewart and Reynolds, 1974; Francis-Williams and Davies, 1974) . We suggest that for infants who are expected to weigh more than 1000 g, with gestational ages greater than about 27 weeks, and particularly if they are small for gestational age, caesarean section is entirely justifiable. For smaller fetuses, with gestational ages less than this, it becomes progressively less reasonable to advise caesarean section, but the penalty to the infant of not doing so may be severe asphyxia and a bad long-term prognosis.
Handicap. 20 or more years ago very little was known about the potentially lethal or brain-damaging biochemical hazards which very low birthweight infants have to withstand to survive; and the incidence of handicap in the smallest survivors was very high, 64-100% (Table 8 ). Since then, methods have been developed for the prevention of many of these hazards. It is not surprising, therefore, to find that the incidence of major handicap among the survivors has fallen (Table 8 ). In the present study it was 70% (Table 7) . Also, 150% have so far been found to have minor handicap. The number of handicapped children was too small for meaningful conclusions to be drawn about the cause of the handicap. Nevertheless, it is noteworthy that the 3 children with cerebral problems (Table 7) all had apnoeic spells which required endotracheal intubation and mechanical ventilation for relief, and 2 of them had very high plasma levels of indirect bilirubin, 16 3 and 21 2 mg/100 ml (279 and 363 ,umol/l). Furthermore, one of the 2 children with high-tone deafness was a breech delivery, the other was born by caesarean section after a prolapsed cord, and both were jaundiced, with plasma indirect bilirubin levels of 17 4 and 8 0 mg/100 ml (298 and 137 ,umol/l). A history suggestive of hypoxia, together with jaundice, has been found to be significantly related to the subsequent presence of major handicap in our previous study of infants weighing < 1500 g (Stewart and Reynolds, 1974) . We suspect, therefore, that asphyxial episodes and jaundice were the main causes of handicap in the infants in the present report.
Organization of care. Because so few infants weigh <1000 g at birth and because they all require sophisticated methods of management it is important to try to ensure that they are delivered in hospitals with neonatal intensive care units. When this is not possible, we believe that they should be transferred to an intensive care unit immediately after birth, before irreversible damage has occurred, by the staff of the unit who should attend the delivery whenever this can be arranged. If these extremely vulnerable infants are looked after in hospitals that are not properly staffed and equipped to do so, their prognosis is likely to be bad, similar to that found in the earlier studies (Table 8) of infants born before intensive care methods were available. Ethics. Although the outlook for infants weighing < 1000 g is improving, survival rates remain low and there is still an appreciable, though falling, risk of handicap in the survivors. At gestations below 24 weeks, survival becomes extremely improbable. Decisions have therefore to be made about how far to pursue intensive care, particularly in the smallest infants. In our view, optimal care both before and after birth should be given to any infant who is at a gestation of 24 weeks or more, so that whenever possible potentially brain-damaging hazards can be prevented. If, however, it becomes clear that the infant has an abnormality such as a large intraventricular haemorrhage that is virtually certain to lead to major handicap, then we believe that intensive care methods for sustaining life should, after full consultation among all those involved, be withdrawn. We thank the staff of the Neonatal Unit for their devoted care of the infants, and the staff of the Children's Outpatient Department 
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